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FEEDBACK STABILIZATION EXPERIMENTS USING £ = 2
EQUILIBRIUM WINDINGS IN SCYLLAC

R. R. Bartsch, E. L. Cantrell, R. F. Gribble, K. B. Freese
L. E. Handy, R. Kristal, G. Miller, W. E. Quinn

Los Alamos Scientific Laboratory
University of California
Los Alamos, New Mexico USA
ABSTRACT. The confinement time in the Scyllac Sector Feedback Experiment has
been extended with a pre-programmed equilibrium compensation for:ce. This
force was produced by driving a current with a flexible waveforn in an addi-
tional set of 2 = 2 windings.

1. INTRODUCTION. Scyllac feedback experiments have been performed on a 120°

gector of the 4 M-major-radius toroidal theta pinch. Plasma parameters for
the present set of experiments are the same as previously reported.[l] The
configuration of the initial discharge has been altered from that of [l] to
eliminate the helical oscillations of the plasma column. This has been accomr-
plished by the use of a helical discharge tube which permits the initial im-
plosion to create the plasma column in the helical configuration which it
would otherwise dynamically approach in time.([2] The £ = 0,1 sector, which

is shown schematically in Fig. 1, has 13 wavelengths of the equilibrium fields
with a 5 position feedback sensor system which locally drives the £ = 2 feed-
back wiidings to stabilize the long wavelength, m=1 instability.[3] An addi-
tional programmable force system using an additional set of £ = 2 windings is
incorporated to allow for optimization of the equilibrium.

II.  SECTOR END EFFECTS. Since the plasma behavior in the end regions of the

sector 1s characterized by hfge displacements and accelerations, confinement
time limitation due to the propagation of m=l waves from the end regions to
the center of the system has been investigated.[4] The calculated trajectory

of the plasma column has been compared to the measured change in column



trajectory at several positions along_the sector when a step function force
is applied to vavelength 10. The measured and calculated trajectory at the
location of position detector No. 3 are shown in Fig. %, and illuscrate that
the propagation of grosg-colummn motion disturbances is at approximately che
Alfven velocity in agreement with the sharp boundary theory.

III. EQUILIBRIUM STUDIES. Anslysis of column trajectories ir the plame of

the torus has indicated the need for a time-programmed force, in additiom to
the feedback force, to counteract an equilibrium force imbalance. Factors
vhich influence the observed equilibrium force imbalance are (a) transients
in the toroidal equilibrium force, Fx.o due to 2 = 0 shape oscillations of
the plasms column, [5] (b) the diffuse radial profile oi the exveriment which
reduces che F;,; force from the sharp boundary desien value, [6] (¢) sectof
end effects propagating into the center of the system, and (d) decreases >f R
due to, for example, loss of particles from radial diffusion which, for the
,T; = 100-eV Scyllac plasma. can caugse a 10% drop in B in 11 us based on
clagsical effects aiome.

The programmed equilibrium compensation force is genmerated with a Weibel-
Jones-type circult driving £ = 2 trimming coils wound on top of che L = 2
feedback coils. Plasma trajectories and £ = 2 trimming fields for two dis-
charges are shown in Fig. 3. A small change in the arplitude of the trimming
force is observed to drastically alcer the trajectory. The relationship be-
tween the applied force and the observed motion ¢in be interpreted usilag sharp

boundary theory in terms of an effactive plasma ¢, which 1s - 1/2 of the B
on u;in determined'from the plasma diamagnetism and luminosity profile. This

can at least partly be attributed to diffuse profile effects.

IV. FFEDBACK STABILIZATION RESULTS. The feedback system for stabilization

of the w1l long wavelength has been operated with the plasma column neld near

its equilibrium position by the trimming system. An improvement in



confinement time to 40-50 us is shown in the streak photogcaph of Fig. 4,
where the column 1s observzd to remain centered in the discharge tube for
many instability gr&vth times with feedback stapilizution applied. The feed-
back system can generate forces on the order of ¢.2 of the toroidal equilib-
rive force and has a risetime of 0.4 times the instability gron<h time. The
feedback system is arranged in S5 independent arrays along the length of the 13
wavelength, 120° sector for each of the orthogonal transverse coordinales.

\'A £ = 1,2 CONFIGURATION. The Scyllac feedback sector has been converted to

an £ = i,2 equilibrium configuration to eliminate trausient effects on the tor-

oidal force balance due to the L = 0 field and provide i less B-depéndent

equilibrium. The helical shape of the plasma colum has been increased to a

helical radius of ~ 3.0 cm tc minimize the growth rate of the w=1l instability

and increase the effectiveness of the feedback stabilization. The sector has

been lengihened by 407 to an arc length of 168° to increase the time before

end effects influence the plasma behavior. The feedback system for the £ = 1,2

sector includes the capability of driving each wavelength with an individual

signal wvhich represents the sum of the required feedback forces at that loca-

tion for all unstable modes.
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